® 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 570 715A1 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 93106638.5 
© Date of filing: 23.04.93 



© Int. CIA B60C 1/00, C08F 36/06 



(33) Prinritv 00 05 09 lie ftfifiQiQ 


\Jy Applicant BRIDGESTONE CORPORATION 


© Date of publication of application: 


10-1 Kyobashi 1-Chome, 


Chuo-Ku 


24.11.93 Bulletin 93/47 


Tokyo 104(JP) 


© Designated Contracting States: 


© Inventor: Futamura, Shingo 


DE ES FR GB IT 


642 Tanbark Lane 




Wadsworth, Ohio 44281 (US) 




© Representative: Kraus, Walter, Dr. et al 




Patentanwalte Kraus, Weisert & Partner 




Thomas-Wimmer-Ring 15 




D-80539 MUnchen (DE) 



© Pneumatic tires having reduced rolling resistance. 

©An improved pneumatic tire having decreased rolling resistance employing at least one tire component 
selected from the group consisting of subtreads, black sidewall, body, ply skims and bead fillers, prepared from 
a vulcanizable elastomeric composition having reduced hysteresis comprises from about 10 to 100 parts by 
weight of an elastomer comprising a plurality of polymer molecules, wherein substantially each polymer 
molecule contains at least one functional group at the site of initiation, and having a hysteresis reduction of at 
least about 10 percent compared to the same elastomer without a functional group on substantially each 
polymer molecule: from about 0 to 90 parts by weight of an elastomer having greater hysteresis than the 
elastomer having reduced hysteresis and selected from the group consisting of natural rubber, synthetic rubber 
and blends thereof: and, from about 20 to about 100 parts by weight of carbon black, per 100 parts of the 
elastomer. A method is also provided for reducing the roiling resistance of tires. 
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TECHNICAL FIELD 

The subject invention relates to pneumatic tires, both radial and bias ply. which have improved rolling 
resistance. In particular, the tires of the present invention employ at least one tire component selected from 
5 the group consisting of subtreads, black sidewalls, body ply skims and bead fillers, prepared from an 
elastomeric composition of matter having reduced hysteresis. The elastomeric compositions, in turn, 
comprise diene polymers and copolymers, which carry at least one functional group on substantially every 
polymer chain at the site of initiation. Functionality can be imparted during initiation, at termination or both. 

10 BACKGROUND ART 

In the art, it is desirable to produce elastomeric compounds exhibiting reduced hysteresis. Such 
elastomers, when compounded to form articles such as treads for tires, will show an increase in rebound, a 
decrease in rolling resistance and will have less heat build-up when mechanical stresses are applied. 

75 Nevertheless, modifying the tread compound has disadvantages, namely the sacrifice of other fire perfor- 
mance such as wear, wet traction, dry traction, snow traction and chipping and cracking of the tread. 

The main source of hysteretic power loss has been established to be due to the section of the polymer 
chain from the last cross link of the vulcanizate to the end of the polymer chain. This free end cannot be 
involved in an efficient elastically recoverable process, and as a result, any energy transmitted to this 

20 section of the cured sample is lost as heat. It is known in the art that this type of mechanism can be 
reduced by preparing higher molecular weight polymers which will have fewer end groups. However, this 
procedure is not useful because processability of the rubber with compounding ingredients and during 
shaping operations decreases rapidly with increasing molecular weight. 

Another method of reducing hysteresis has been to react a lithium end-capped elastomer with a tin 

25 chloride compound to give polymer chains with terminated tin. Tin has an affinity for carbon-black, which 
affinity reduces hysteresis by removing the effect of a free end. However, with a plurality of polymer chains, 
endcapping is an inefficient process that results in only about 50-80 percent of the total number of chains 
being capped with tin. While this method has provided a decrease in hysteresis, the large number of 
polymer chains without a tin endcap do nothing to reduce hysteresis. 

30 It is also known in the art to employ tin-containing organo-metal compounds as polymerization initiators. 
For instance, U.S. Pat. No. 3,426,006 discloses the catalyst lithium tributyl tin in diethyl ether for such a 
purpose. This initiator has been shown by Tamborshi et al, Journal of Organic Chemistry , volume 28, page 
237 (1963) to be predominantly an equilibrium mixture of dibutyftin and butyl lithium wherein the butyl 
lithium is the more active initiator and hence, the polymer chains produced from its initiation actually 

35 contain little or no tin atoms. Thus, heretofore, the art has not shown a means whereby substantially each 
polymer chain of an elastomer can be provided with a tin end group resulting from the initiator. 

The present invention employs tire components other than the tread, containing or prepared from low 
hysteresis elastomers. In this manner, rolling resistance can be improved without sacrificing desirable 
properties of the tread. It is also possible to utilize tread compounds having lower hysteresis properties than 

40 conventional with these components for even greater performance. However, the hysteresis reduction in the 
tread does not need to be maximized at the expense of other tread properties because the lower hysteresis 
properties of the other components will improve the overall rolling resistance of the tire. 

DISCLOSURE OF THE INVENTION 

45 

It is therefore, an object of the present invention to provide pneumatic tires having improved rolling 
resistance. 

It is a further object of the present invention to provide a method of improving the rolling resistance of 
tires. 

so It is another object of the present invention to provide tire components such as subtreads, black 
sidewalls, body ply skims and bead fillers containing or prepared from elastomers having reduced 
hysteresis properties. 

It is yet another object of the present invention to provide tire components prepared from elastomers 
having a plurality of polymer molecules wherein substantially each molecule has a functional group at the 
55 site of initiation. 

It is still another object of the present invention to provide tire components such as subtreads, black 
sidewalls, body ply skims and bead fillers containing or prepared from elastomers having a plurality of 
polymer molecules wherein substantially each molecule has a functional group at the site of initiation to 



2 



EP0 570 715 A1 



provide low hysteresis, which elastomers can be blended with other polymers to avoid significant loss of 
other physical properties such as tear strength. 

It is still another object of the present invention to provide tire components such as subtreads, black 
sidewalls. body ply skims and bead fillers containing or prepared from elastomers having a plurality of 
5 polymer molecules wherein substantially each molecule has a functional group at the site of initiation to 
provide low hysteresis, which elastomers do not suffer significant loss of other physical properties such as 
tear strength as generally occurs when elastomers are chemically modified to reduce hysteresis. 

It is still another object of the present invention to provide tire components prepared from elastomers 
having a plurality of polymer molecules wherein substantially each molecule has a functional group on the 
70 initiating end, and the molecules may be terminated with a fin-containing group or other functional group 
known to provide similar hysteresis reducing properties. 

At least one or more of the foregoing objects together with the advantages thereof over the existing art, 
which shall become apparent from the specification which follows, are accomplished by the invention as 
hereinafter described and claimed. 
is In general, an improved pneumatic fire having decreased rolling resistance comprising at least one tire 
component selected from the group consisting of subtreads, black sidewalls, body ply skims and bead 
fillers, prepared from a vulcanizable elastomeric composition having reduced hysteresis comprising from 
about 10 to 100 parts by weight of an elastomer comprising a- plurality of polymer molecules, wherein 
substantially each polymer molecule contains at least one functional group at the site of initiation, and 
20 having a hysteresis reduction of at least about 10 percent compared to the same elastomer without a 
* functional group on substantially each polymer molecule; from about 0 to 90 parts by weight of an 
elastomer having greater hysteresis than the elastomer having reduced hysteresis and selected from the 
group consisting of natural rubber, synthetic rubber and blends thereof; and, from about 20 to about 100 
parts by weight of carbon black, per 100 parts of the elastomer. 
25 A method of improving the rolling resistance of pneumatic tires comprises incorporating into the tire 
during manufacture at least one component selected from the group consisting of subtreads, black 
sidewalls, body ply skims and bead fillers, prepared from a vulcanizable elastomeric composition having 
reduced hysteresis comprising from about 10 to 100 parts by weight of a plurality of polymer molecules, 
wherein substantially each polymer molecule contains at least one functional group at the site of initiation! 
30 and having a hysteresis reduction of at least about 10 percent compared to the same elastomer without a 
functional group on substantially each polymer molecule; from about 0 to 90 parts by weight of an 
elastomer having greater hysteresis than the elastomer having reduced hysteresis and selected from the 
group consisting of natural rubber, synthetic rubber and blends thereof; and, from about 20 to about 100 
parts by weight of carbon black, per 100 parts of the elastomer. 

35 

PREFERRED EMBODIMENT FOR CARRYING OUT THE INVENTION 



As will become apparent from the description which follows, the present invention provides elastomeric 
compounds having a plurality of polymer chains wherein substantially all of the chains are provided with a 
40 functional end group. These elastomers have reduced hysteresis and can be blended with conventional 
elastomers having greater hysteresis. It has been found that vulcanizable elastomeric compounds and 
articles thereof based upon such functionally terminated polymers exhibit useful properties, particularly the 
property of reduced hysteresis. It has been discovered herein that when these functionalized elastomers are 
employed in tire components such as subtreads, black sidewalls, body ply skims and bead fillers, the tires 
45 containing at least one of these components exhibit decreased rolling resistance. 

One functional group of interest that will impart reduced hysteresis to an elastomer when incorporated 
on substantially every polymer chain, is a tin containing group derived from a tin containing initiator. Such 
an initiator is the reaction product of a triorgano substituted-tin halide or a hexaorgano substituted di-tin 
compound with lithium metal in the presence of a suitable solvent. Preferred is a triorgano substituted-tin 
halide having the general formula R 3 SnX. The organic moiety R is selected from the group consisting of 
alkyls having from about 1 to about 20 carbon atoms, cycloalkyls having from about 3 to about 20 carbon 
atoms, aryls having from about 6 to about 20 carbon atoms and aralkyls having from about 7 to about 20 
carbon atoms. Typical alkyls include n-butyl, s-butyl. methyl, ethyl, isopropyl and the like. The cycloalkyls 
include cyclohexyl, menthyl and the like. The aryl and aralkyl groups include phenyl, benzyl and the like. 

Such initiators may also be produced by other means. For example, the initiator may be formed as the 
reaction product of a hexaorgano-substituted di-tin compound R 3 SnSnR 3 containing a tin-tin bond with 
lithium metal (where R is as described hereinabove). Preferred di-tin compounds have between 6 and 12 
carbon atoms, such as hexabutyldi-tin. 



so 



55 



3 



EP 0 570 715 A1 



tt is preferred that the initiators are the reaction product of from about 93 to about 99 percent by weight 
of an organotin compound and from about 1 to about 7 percent by weight of lithium. 

The halide constituent X of the triorgano substituted-tin halide includes chlorides and bromides. Lithium 
is preferably present as a reactant in the form of lithium metal, and may also be present as a dispersion in 
5 mineral oil. Preferably, the solvent employed is tetrahydrofuran, tetramethylethylenediamine, or diethylene 
methyl ether (diglyme). Some other solvents such as polar organic ethers, tertiary amines, dimethyl ether, 
diethyl ether and tributylamine, have been employed with unsatisfactory results, in that either the reaction 
does not go to completion or the trialkyl tin initiator reacts with the solvent Not going to completion means 
that the reaction of the tin chloride compound with lithium metal gave less than appreciable amounts of the 
to desired tin lithium compound with the predominant product being the intermediate hexaorgano substituted 
di-tin stage or no reaction at all. 

The desired reaction product of the triorgano substituted-tin halide and the lithium is a triorgano 
substituted-tin lithium compound. The preferred initiator has the general formula RaSnLi, where R is as 
defined hereinabove. One preferable catalyst is the reaction product of tributyl tin chloride and lithium metal 
rs in tetrahydrofuran, forming tributyl tin lithium. 

As stated above, the initiator thus formed may be employed as a initiator to prepare any anionically- 
polymerized elastomer, e.g., polybutadiene, polyisoprene and the like, and copolymers thereof with 
monovinyl aromatics such as styrene, alpha methyl styrene and the like, or trienes such as myrcene. Thus, 
the elastomers include diene homopolymers and copolymers thereof with monovinyl aromatic polymers. 
20 Suitable monomers include conjugated dienes having from about 4 to about 12 carbon atoms and 
monovinyl aromatic monomers having 8 to 18 carbon atoms and trienes. Examples of conjugated diene 
monomers and the like useful in the present invention include 1,3-butadiene, isoprene, 1 ,3-pentadiene, 2,3- 
dimethyl-1 ,3-butadiene and 1 ,3-hexadiene, and aromatic vinyl monomers include styrene, a-methylstyrene. 
p-methylstyrene ( vinyltoluene and vinylnaphthalene. The conjugated diene monomer and aromatic vinyl 
25 monomer are normally used at the weight ratios of 95-50:5-50, preferably 95-65:5-35. 

Polymerization is usually conducted in a conventional solvent for anionic polymerizations such as 
hexane, cyclohexane, benzene and the like. Other techniques for polymerization, such as semi-batch and 
continuous polymerization may be employed. In order to promote randomization in copolymerization and to 
control vinyl content, a polar coordinator may be added to the polymerization ingredients. Amounts range 
30 between 0 and 90 or more equivalents per equivalent of lithium. The amount depends on the amount of 
vinyl desired, the level of styrene employed and the temperature of the polymerization, as well as the 
nature of the specific polar coordinator (modifier) employed. 

Compounds useful as polar coordinators are organic and include tetrahydrofuran, linear and cyclic 
oligomeric oxolanyl alkanes such as 2-2 , -di(tetrahydrofuryl) propane, di-piperidyl ethane, hexamethyl- 
35 phosphoramide, N-N'-dimethylpiperazine.diazabicyclooctane, dimethyl ether, diethyl ether, tributylamine and 
the like. The linear and cyclic oligomeric oxolanyl alkane modifiers are described in U.S. Pat. No. 4,429.091 , 
owned by the Assignee of record, the subject matter of which is incorporated herein by reference. Other 
compounds useful as polar coordinators include those having an oxygen or nitrogen hetero-atom and a non- 
bonded pair of electrons. Examples include dialkyl ethers of mono and oligo alkylene glycols; "crown" 
40 ethers; tertiary amines such as tetramethy (ethylene diamine (TMEDA);tetrahydrofuran(THF), THF oligomers 
linear and the like. 

A batch polymerization is begun by charging a blend of monomer(s) and solvent to a suitable reaction 
vessel, followed by the addition of the polar coordinator (if employed) and the initiator compound previously 
described. The reactants are heated to a temperature of from about 20 to about 200 'C, and the 
45 polymerization is allowed to proceed for from about 0.1 to about 24 hours. A tin atom is derived from the 
initiator compound and attaches at the initiation site. Thus, substantially every resulting polymer chain has 
the following general formula 

FbSnYLi 

50 

where R is as described above, the tin atom is derived from the polymerization initiator, and Y is a divalent 
polymer radical which is derived from any of the foregoing diene homopolymers, monovinyl aromatic 
polymers, diene/monovinyl aromatic random copolymers and block copolymers. The monomer addition at 
the lithium end causes the molecular weight of the polymer to increase as the polymerization continues. 
55 To terminate the polymerization, and thus control polymer molecular weight, a terminating agent may 
be employed. Active hydrogen compounds such as water or alcohol can be used, or compounds providing 
terminal functionality (i.e., "endcapping*) can be used such as tin tetrachloride, R 3 SnCI, R 2 SnCI 2 , RSnCb, 
carbodiimides, N-methylpyrrolidine, cyclic amides, cyclic ureas, isocyanates. Schiff bases, 4,4'-bis- 
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75 



(diethylamino) benzophenone, N.N'-dimethylethyleneurea and the like, where R is as described 
hereinabove. The terminating agent is added to the reaction vessel, and the vessel is agitated for about 1 to 
about 1000 minutes. Preferably, the terminating agent is a tin containing compound suitable for use as a 
terminator, such as tin tetrachloride or tributyl tin chloride. The chlorine on the tin reacts with the lithium end 
s group of the resulting polymer chain, forming a polymer having the following general formula where R and 
Y are as previously described: 

R3SnYSn 

;o where the second, terminal tin atom is appropriately bonded to other groups, polymer chains and the like to 
satisfy its valence. While tin containing compounds are preferred, if another terminating agent is selected, 
for instance, a carbodiimide, a N-methylpyrrolidine, a cyclic amide, a cyclic urea, an isocyanate, a Schiff 
base, 4,4*-bis(diethylamino) benzophenone, N.N'-dimethylethyleneurea or the like, it will be understood that 
a different terminal functional group will be joined to the tin initiated polymer Y. Examples of useful 
endcapping agents which do not contain tin. as well as further examples of tin-containing endcapping 
agents are found in U.S. Patent No. 4,616,069 which is herein incorporated by reference. Thus, it is to be 
appreciated that other terminating agents and/or procedures may be followed, and still fall within the scope 
of the present invention. 

It is also to be understood that while the present invention employs polymers having functional end 
20 groups at the site of initiation or, at the site of initiation and the site of termination, where a coupling agent 
* such as tin tetrachloride is selected, the second, terminal tin atom will appear at the middle of four polymer 
chains, although in reality, it is still joined to the terminal end of the various polymer chains. 

As a result of terminal endcapping, an elastomer is produced having an even greater affinity for 
compounding materials such as carbon black, and hence, even further reduced hysteresis. With the tin 
25 group at both ends of the polymer chain, the loss of some of the "living " end of the polymer due to 
inefficient endcapping (Le., the side reactions of the lithium) is not a drawback in that the presence of the tin 
end group from the initiator produces much of the desired reduction in hysteresis regardless of the 
inefficiency of the endcapping at the living end. 

The polymer may be separated from the solvent by conventional techniques. These include steam or 
30 alcohol coagulation, thermal desolventization, or any other suitable method. Additionally, solvent may be 
removed from the resulting polymer by drum drying, extruder drying, vacuum drying or the like. 

The elastomers employed to form the tire components of the present invention comprise a plurality of 
polymers, having at least one tin containing end group on substantially each polymer molecule or "chain", 
and if terminated with a suitable tin containing terminating agent, a tin group on both ends of the chain' 
as Furthermore, as will be appreciated by one skilled in the art. a tetra functional tin moiecule may also be 
used to produce a fin coupled product. As noted hereinabove, the tin containing end groups have an affinity 
for compounding materials such as carbon black. Such compounding results in products exhibiting reduced 
hysteresis, and when at least one of these components is incorporated into a pneumatic tire, decreased 
rolling resistance is obtained. 
40 The reduced hysteresis polymers can be used alone or in combination with other elastomers to prepare 
the tire components. For example, they can be blended with any conventionally employed rubber which 
includes natural rubber, synthetic rubber and blends thereof. Such rubbers are well known to those skilled 
in the art and include synthetic polyisoprene rubber, styrene/butadiene rubber (SBR), polybutadiene. butyl 
rubber, Neoprene. ethylene/propylene rubber. ethylene/propylene/diene rubber (EPDM) 
acrylonitrile/butadiene rubber (NBR), silicone rubber, the fluoroelastomers, ethylene acrylic rubber, ethylene 
vinyl acetate copolymer (EVA), epichlorohydrin rubbers, chlorinated polyethylene rubbers, chlorosulfonated 
polyethylene rubbers, hydrogenated nitrile rubber, tetrafluoroethylene/propylene rubber and the like. When 
the polymers having reduced hysteresis are blended with conventional rubbers, the amounts can vary 
widely such as between 10 and 100 percent by weight of the former with 0 to 90 parts by weight of the 
latter to total 100 parts, depending upon the amount of hysteresis reduction desired. Generally, the blend 
will result in a reduction in hysteresis of at least 10 percent and preferably, between about 15 and 35 
percent. 

The polymers can be compounded with carbon black in amounts ranging from about 20 to about 100 
parts by weight, per 100 parts of rubber (phr). with about 30 to about 70 phr being preferred. The carbon 
blacks may include any of the commonly available, commercially-produced carbon blacks but those having 
a surface area (EMSA) of at least 20 m 2 /g and more preferably at least 35 m 2 /g up to 200 m 2 /g or higher 
are preferred. Surface area values used in this application are those determined by ASTM test D-1765 
using the cetyltrimethyl-ammonium bromide (CTAB) technique. Among the useful carbon blacks are furnace 
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black, channel blacks and lamp blacks. More specifically, examples of the carbon blacks include super 
abrasion furnace (SAF) blacks, high abrasion furnace (HAF) blacks, fast extrusion furnace (FEF) blacks fine 
furnace (FF) blacks, intermediate super abrasion furnace (ISAF) blacks, semi-reinforcing furnace (SRF) 
blacks, medium processing channel blacks, hard processing channel blacks and conducting channel blacks. 
Other carbon blacks which may be utilized include acetylene blacks. Mixtures of two or more of the above 
blacks can be used in preparing the carbon black products of the invention. Typical values for surface areas 
of usable carbon blacks are summarized in the following Table I. 



TABLE I 
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CARBON BLACKS 


ASTM Designation (D-1765-82a) 


Surface Area <m 2 /g) (D-3765) 


N-110 


126 


N-220 


111 


N-339 


95 


N-330 


83 


N-550 


- 42 


N-660 


35 



The carbon blacks utilized in the preparation of the rubber compounds may be in pelletized form or an 
unpelletized flocculant mass. Preferably, for more uniform mixing, unpelletized carbon black is preferred 
The reinforced rubber compounds can be cured in a conventional manner with known vulcanizing agents at 
about 0.5 to about 4 phr. For example, sulfur or peroxide-based curing systems may be employed. For a 
general disclosure of suitable vulcanizing agents one can refer to Wrk-Othmer. Encyclopedia of Chemical 
Technology, 3rd ed.. Wiley Interscience. N.Y. 1982. Vol. 20. pp. 365-468. particu larly "Vulcanization Agents 
and Auxiliary Materials" pp. 390-402. Vulcanizing agents may be used alone or in combination. 

Vulcantzable elastomeric compositions employed to formulate the tire components according to the 
invention can be prepared by compounding or mixing the polymers thereof with carbon black and other 
conventional rubber additives such as fillers, plasticizers. antioxidants, curing agents and the like, using 
s andard rubber mixing equipment and procedures and conventional amounts of such additives Such 
elastomenc compounds when vulcanized using conventional rubber vulcanization conditions have reduced 
hysteresis properties. 

A more complete disclosure pertaining to the use of tin containing initiators to provide a functional end 

M 0U n, 0 e n of UbStantia " y 6Very P0 ' ymer Chain of 30 elastomer «• Provided in co-pending application U.S. Ser 
no 07/636.931. the subject matter of which is incorporated herein by reference. While the disclosure thus 
far has taught the use of tin containing initiators to provide elastomers having reduced hysteresis the 
present invention is not limited thereto. More generally, any initiator that will provide a functional group on 
each polymer chain and. in turn, produce a reduction in hysteresis for the elastomer is within the scope of 
L Pre ! 6 I! ,nvention ' when such elastomer is employed to manufacture a tire component such as a 
subtread. black sidewall. body ply skim or bead filler. 

Exemplary of such initiators which will provide a reduction in hysteresis are the initiators derived from 
subst, uted kebmrnes. aldimines and secondary amines which are described in co-pending application U.S 
Ser. No. 07/506.305. the subject matter of which is incorporated herein by reference 

Another initiator which will provide a reduction in hysteresis are the initiators derived from compounds 
having the general formula 
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75 



where R'-R s of this formula are the same or different and are selected from the group consisting of 
hydrogen; alkyls having from 1 to about 12 carbon atoms; aralkyls having from 7 to about 20 carbon atoms; 
dialkylaminos having from 2 to about 20 carbon atoms; and. dialkylaminoalkyls having from 3 to about 20 
carbon atoms. At least one of R 1 -R s is selected from the group consisting of the dialkylaminos and the 
dialkylaminoalkyls. These initiators are described in co-pending application U.S. Ser. No. 07/814,935, the 
subject matter of which is incorporated herein by reference. 

Another initiator which will provide a reduction in hysteresis are the initiators derived from compounds 
selected from the group consisting of 



N-(0)-U 



and, 



20 



25 



30 



N 



Li 



where R 1 and R 2 of these formulae are the same or different and are selected from the group consisting of 
alkyls having from 1 to about 12 carbon atoms, cycloalkyls having from 3 to about 14 carbon atoms, and 
aryls having from 6 to about 20 carbon atoms and which are described in co-pending application U.S.' Ser. 
No. 07/814,550, the subject matter of which is incorporated herein by reference. 

Another initiator which will provide some reduction in hysteresis is a lithium pyrrolidide as described in 
U.S. Patent No. 4,935,471 , the subject matter of which is incorporated herein by reference. 

It is also possible to employ a terminator that is reactive with the lithium end of an anionic polymer and 
35 will provide a reduction in hysteresis. Such a terminator includes the sulfoxide compounds having the 
formula 



o 

40 [1 

R1-S-R2 

where the organic moiety R, and R 2 of this formula are selected from the group consisting of alkyls and 
45 sulfur substituted alkyls having from about 1 to about 20 carbon atoms, cycloalkyls having from about 3 to 
about 20 carbon atoms, aryls and halogen substituted aryls having from about 6 to about 20 carbon atoms 
and aralkyls having from about 7 to about 20 carbon atoms. These terminators are described in co-pending 
application U.S. Ser. No. 07/703,533. the subject matter of which is incorporated herein by reference. 

Another terminator which will provide a reduction in hysteresis are the lead compounds having the 
so formula R 3 PbX wherein R of this formula is an organo group selected from the group consisting of alkyls 
having from about 1 to about 20 carbon atoms, cycloalkyls having from about 3 to about 20 carbon atoms, 
aryls having from about 6 to about 20 carbon atoms and aralkyls having from about 7 to about 20 carbon 
atoms, and X is a halogen selected from the group consisting of bromine, chlorine and iodine. These 
terminators are described in co-pending application U.S. Ser. No. 07/703,534, the subject matter of which is 
55 incorporated herein by reference. 

It is to be understood that the tire components of the present invention can be prepared from 
elastomers that have been initiated with one of the foregoing initiators, or terminated with one of the 
foregoing terminators, or both. Moreover, the foregoing disclosure is not intended to be limiting inasmuch as 
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cZZh J 5, hyStereSiS - 11 iS 9eneral,y pre,erab,e to inWate •» PoSnir chain with a 

compound that wil .mpart functionality to ensure that every chain contains such a group. Although it is 
possible m some arcumstances to add the same functional group to the terminal end e.g., tin. greater care 
Zt « J" 1 *""* t0 "WW"* *e group on every chain. When tin or other functional 

^SSSZSET 01 initiation ' every must «"■* such 8 9roup - ™ rin9 * 



70 



General Experimental 



75 



45 



50 



ore£rt TJZ 0 Z *T?> P^ 0 " «d Properties of various tire components according to the 
meS n ^ESli c^'" 9 ' n,t,at0r WaS Prepared by reactin9 *• chlorid ° lithium 

SHE ^2 * T ° Ut ° nS ° f Styrene and butadiene ™"<"™* in hexane were prepared and 
polymenzed wrth the above described initiator. Similar monomer solutions were polymerized with n-butyl 

TZZSrT?' r inati0 " ° f a " 0°*™***™ — carried out by reactiS with isopropW *oM 
Sn SlSinrS hT^" 9 (endcappin9 > ««W * chloride, dibuty. ton dichloride or 

ton tetrachlonde^As noted above, various techniques known in the art for carrying out polymerizations mav 

HTztT 01 * departin9 1™ * e 800,56 of *• present invention - ^J^Z^SS^Z 

. ZZlrsT^ZZZTr W8, ' 9ht ° f ^ ««~« of »e ton initoators and tte 
Inltiator.PreparaUon • Trlbutyl tin lithium 

« / Jl f W3S Prepared 00m P rWn Q 68 cc of dry, peroxide free tetrahydrofuran and 27 1 cc of neat 
« (undated) tnbuty. tin chloride having a concentration of 3.69 mo.es/iiter. To mis waTad^ed 92 4 of a S 

SL if ° J , temperature nse of over 50 *C was noted. A powder-like precipitate of lithium 

ylw to^k a midd ' e ^ ^ 8 toP * UnrMCted lithium * S P^ ^ de£ 

30 in 1« nl^- 9 f 6 ^ C ° ntainin9 ° f MbUtvi * n lithium in tetrahydrofuran. was isolated and used 
30 in the polymerizations reported hereinbelow. 80 

Polymerization 
Polymer Example Nos. 1-8 

35 ~ " 

To a 5 gal. reactor vessel was added 2361 grams of hexane and 9398 grams of a 24 9% butadiene in 
f b,e ?l (234 ° 9ramS 0f butadiene >- To *° m ^mer blend was the? Sded J^lSesZm 

Cu"ie?me y Su^ ' ° ^ °' ^ **** 8,1 eXCeSS needed to rea « the 

. A / t . er about 1 hour *• temperature was raised to about 45 -C. After 3 hours at 45 -C 28 bottles (840 

Seve botSroT TT*" T* ™ * "**" WaS r6m ° ved and ^minaled wjn vL^s agS 
fl SnC, v\ k I, T! terminated With 07 ""'"'eq^alents (mE) of dibutyl tin dichSde 

£l « 2 8 C8ment W6re terminated with 07 < mE > of * tetrachloride £aTmm 

bottles of live cement were terminated with 0.7 (mE) of tributyl tin chloride (BuaSnCIV rtm^*£T2t 

orovfriTpn. P ^ eriza *«' were carried out with butyl lithium and terminated in the same manner to 



40 



55 



8 



EP 0 570 715 A1 



TABLE II 



INITIATION/TERMINATING-COUPUNG OF PBD COPOLYMERS 


Polymer 


Initiator 


Terminating-Coupling Agent 


Polymer structure 


Example No. 






1 


R3SnLi 


RaSnCI 


Sn -PBd- Sn 


2 


RaSnLi 


ROH a 


Sn -PBd- 


3 


FbSnLi 


R 2 SnCI 2 


Sn -PBd- Sn -PBd- Sn 


4 


RaSnLi 


SnCU 


(Sn -PBd-)* Sn 


5 


RU 


SnCU 


(-PBd-V Sn 


6 


RLi 


RaSnCb 


-PBd- Sn -PBd- 


7 


RU 


FbSnCI 


-PBd- Sn 


8 


RLi 


ROH* 


-PBd- 



a) Isopropyl alcohol 



The eight PBd copolymers of Table II were then blended with natural rubber and other components as 
set forth in Table III which follows. 



TABLE III 



BLACK TIRE COMPONENT COMPOUNDS 


Polybutadiene 


82.5 


Natural rubber 


82.5 


Carbon black N343 


80.0 


Zinc oxide 


4.95 


Santoflex 13* 


1.57 


Wax 


1.65 


Naphthenic process oil 


17.33 


Piccopale 100 resin 


3.30 


Rubber Masterbatch 


27KD 


Sulfur 


2.47 


Altax b 


0.41 


Sulfasan R c 


T33 


Stearic acid 


3.30 


TOTAL 


277.41 



a) N-(1 ,3-dimethylbutyl)-N'-phenyl-paraphenylenediamine 

b) Registered trademark of R.T. Vanderbilt Company, Inc. for 
2,2'dithiobisbenzothiazole 

c) Morpholine disulfide 



The masterbatch was prepared on a Banbury mixer employing a jacket temperature of 80 *C and rpm 
= 60. The order of addition of components began with both of the polymers first, followed by one-half of 
the carbon black and ail other pigment, followed by all of the process oil and then the remaining one-half of 
carbon black. The polybutadienes employed were those recited in Table II and provided eight compounds 
(Nos. 9-16). Polymer Example No. 1 was utilized to prepare Compound No. 9 and so forth. 

The resulting eight compounds (Nos. 9-16) were then subjected to physical testing as set forth in Table 
IV hereinbelow. 
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TABLE IV 



70 



75 



20 



25 



REBOUND AND TAN 5 OF SBR COPOLYMERS 


Compound No. 


Polymer Example No. 


Rebound 60 * CI 


Tan JE <V> • 
1 on o OU w 


9 


1 


70.0 


0.092 


10 


2 


65 4 


n 191 


11 


3 


69.8 


0.092 


12 


4 


69.8 


0.093 


13 


5 


65.8 


0.117 


14 


6 


67.8 


0.099 


15 


7 


67.0 


0.113 


16 


8 


60.0 


0.159 



In order to demonstrate the efficacy of low hysteresis compounds in tire components, separate 
compounds were prepared to form a subtread. black sidewall. body ply skim and bead filler components 
and subsequently tested for tan delta (at 50- C). and the change in tan delta as compared to a control 
polymer. The rubber component of the compounds comprised blends of natural rubber (NR) with a low 
hysteresis polymer comprising polybutadiene (PBd), prepared as discussed hereinabove. The formulations 
are presented in Table V, hereinbelow. Parts are expressed as parts per hundred of rubber (phr) As 
controls, for the black sidewall and subtread. the same formulations of natural rubber and polybutadiene 
were employed except the polybutadiene was a conventional rubber having a greater hysteresis As a 
control for the body ply skim, the formulation comprised natural rubber and a conventional SBR, having 
greater hysteresis than the low hysteresis polybutadiene employed for the body ply of the present 
invention. Finally, the control formulation for the bead filler comprised 100 parts by weight of natural rubber 
as the elastomeric component. 



30 



35 



TABLE V 
taw Hystfrests Ttpp r»^ rTFrrrr . 



Black 
Sidewall 



Subtread 



Body Ply 
Skim 



Bead 
Filler 



Control 



40 



45 



SO 



NR 

(Sn ~PBd~) 4 Sn 
Carbon Black 

N550 

N330 

Oil 

Sulfur 
accelerator 



40 


60 


65 


75 


100 


60 


40 




25 




55 


35 












42 


80 


80 


13 


5.5 


7.0 


0 


0 


2.6 


1.3 


2.5 


12.5 


12.5 


0.8 


1.8 


1.2 


1.0 


1.0 



T "° * ead compounds were also prepared, one as a control which was merely coupled with tin 
tetrachloride and the other as an experimental tread initiated and terminated with tin compounds so as to be 

ZZT^XT" 0 " are presented in Tab,e V1, hereinbelow - Parts are expressed as parts P * 
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TABLE VI 
Tread Compound 
Control 



Experimental 



TO 



15 



20 



25 



NR 

(SBR) 4 Sn 

Sn -SBR- Sn 

SBR a 

Carbon black 
N343 

oil 

sulfur 
• accelerator 



75 
25 

48 
11 
1.5 
1.0 



15 



85 



45 
15 
1.8 
0.85 



a) n-butyl lithium initiated, alcohol terminated 



30 



95 



40 



45 



SO 



Next, hysteresis measurements were made of each component and the two tire treads stocks. The 
results appear in Table VII. compared against the control of Table VI, and the percent reduction over the 
control is also reported. 

TABLE VII 



HYSTERESIS OF EXPERIMENTAL TIRE COMPONENTS 




TANfiatSO'c 


Control (C) 


Experimental (E) 


Black Sidewali 
Subtread 
Body Ply 
Bead Rller 
Tread 


0.142 
0.066 
0.151 
0.215 
Ca.12 


0.105 (-26%) 
0.045 (-32%) 
0.113 (-25%) 
0.160 (-25%) 
0.083 (-30%) 



Finally, the effect of reduced hysteresis on rolling loss for the tire components of the present invention 
were evaluated by building a series of P205/70R14 tires, each group of tires having a different component 
than the tires of the other groups. The components of each series of tires are presented in Table VIII. In the 
table, a conventional component is designated by the letter C, indicating that the particular compound did 
not possess low hysteresis. The component, according to the present invention is designated by the letter 
E, followed by the percent of Tan 8 reduction at 50 *C within parentheses. The number of tires (n) for each 
group is also reported. Mean drum rolling loss (DRL) was determined according to SAE J1269 and has 
been reported in pounds in Table VIII. The percent reduction in mean DRL has also been provided. 
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less than 1 percent reduction. However, rolling resistance should be different dependent upon the type of 
tire construction and thus, the use of low hysteresis non-tread components can contribute more of less to 
different degrees than in the case illustrated hereinabove. 

It should now be clear from the foregoing examples and specification disclosure, that the use of various 

5 tire components such as subtreads, black sidewalls, body ply skims and bead fillers having reduced 
hysteresis, according to the present invention, will provide tires having decreased rolling resistance. The 
elastomeric polymers employed for the manufacture of the tire components can carry a functional group at 
the cite of initiation and they may also be end-capped with another functionality, thus providing a 
difunctional polymer with still greater reduction of hysteresis. 

ro It is to be understood that the invention is not limited to the specific initiator reactants, organotin lithium 
initiators, other initiators, monomers, terminators, polar coordinators or solvents disclosed herein, except as 
otherwise stated in the specification. Similarly, the examples have been provided merely to demonstrate 
practice of the subject invention and do not constitute limitations of the invention. Those skilled in the art 
may readily select other initiators and/or terminators, according to the disclosure made hereinabove. 

75 Thus, it is believed that any of the variables disclosed herein can readily be determined and controlled 
without departing from the scope of the invention herein disclosed and described. Moreover, the scope of 
the invention shall include all modifications and variations that fail within the scope of the attached claims. 

Claims 

20 

* 1. An improved pneumatic tire having decreased rolling resistance employing at least one tire component 
selected from the group consisting of subtreads, black sidewall, body ply skims and bead fillers, 
prepared from a vulcanizable elastomeric composition having reduced hysteresis comprising: 

from about 10 to 100 parts by weight of an elastomer comprising a plurality of polymer molecules, 
25 wherein substantially each said polymer molecule contains at least one functional group at the site of 
initiation, and having a hysteresis reduction of at least about 10 percent compared to the same 
elastomer without a functional group on substantially each polymer molecule; and, 

from about 0 to 90 parts by weight of an elastomer having greater hysteresis than said elastomer 
having reduced hysteresis and selected from the group consisting of natural rubber, synthetic rubber 
30 and blends thereof; 

from about 20 to about 100 parts by weight of carbon black, per 100 parts of said elastomer. 

2. An improved pneumatic tire, as set forth in claim 1 , wherein said elastomer is formed from at least one 
monomer selected from the group consisting of conjugated diene monomers having from about 4 to 12 

35 carbon atoms, alone or mixed with vinyl aromatic monomers having from about 8 to 18 carbon atoms 
and trienes. 

3. An improved pneumatic tire, as set forth in claim 1, wherein substantially each of said polymer 
molecules before termination has the general formula RaSnYLi where R is an organo group and Y is a 

40 polymer selected from the group consisting of diene homopolymers, diene/monovinyl aromatic random 
copolymers and block copolymers. 

4. An improved pneumatic tire, as set forth in claim 3, wherein said organo group R is selected from the 
group consisting of alkyls having from about 1 to about 20 carbon atoms, cycloalkyls having from about 

45 3 to about 20 carbon atoms, aryls having from about 6 to about 20 carbon atoms and aralkyl having 
from about 7 to about 20 carbon atoms. 

5. An improved pneumatic tire, as set forth in claim 4, wherein said tire component having reduced 
hysteresis is a subtread. 

so 

6. An improved pneumatic tire, as set forth in claim 5, wherein said tire further comprises a tread 
component formed from an elastomeric composition having reduced hysteresis. 

7. An improved pneumatic tire, as set forth in claim 4, wherein said tire component having reduced 
55 hysteresis is a black sidewall. 

8. An improved pneumatic tire, as set forth in claim 7, wherein said tire further comprises a tread 
component formed from an elastomeric composition having reduced hysteresis. 
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1 J^SMryj; torth in claim 4, wherein said «„ co m p„« ^ 

10. An improved pneumatic tire, as set forth in claim 9 wherein sain «.«, a.^k«, ~ 
a component taned ta m c^poa^nT^L * 

"• i^K.SE",** " M ™ <" — * — > - » ompone* ha.no redoc* 

* " - h * — ' - «<° ■»•«« -X educed 

* ' ^^^^ZZZ^TjLT^ — a .ad 
^ * SSXEXZ 1 * K 881 ** — ,6 ' - * compel, havin, reaucM 

25. A method of improving the rolling resistance of pneumatic tires comprises- 

elastomeric composition comprising " erS " P^P"* ,r <"" a vulcanizable 

wher^suoSnlia,!; eacVs'aid poZrml, 3 " T*™ * ^ * ^ ™<"<"<*. 

» initiation, and hi g a ^ ? ' 9aSt ° ne ,UnCtional 9™P « the site o 

~wi,ho^ to the same 

hJT*£S °V^^^ — ^ ^ ~ - - easterner 

selected from the group cons,sting of natural rubber, synthetic rubber 
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TO 



and blends thereof; and, 

from about 20 to about 100 parts by weight of carbon black, per 100 parts of said elastomer. 

26. A method as set forth in claim 25. wherein said elastomeric composition is prepared from at least one 
monomer selected from the group consisting of conjugated dienes having from about 4 to about 12 
carbon atoms, alone or mixed with monovinyl aromatic monomers having 8 to 18 carbon atoms and 
trienes. 

27. A method as set forth in claim 25, wherein substantially each of said polymer molecules before 
termination has the general formula RaSnYU where R is an organo group and Y is a polymer selected 
from the group consisting of diene homopolymers, diene/monovtnyl aromatic random copolymers and 
block copolymers. 

28. A method as set forth in claim 27, wherein said organo group R is selected from the group consisting 
of alkyls having from about 1 to about 20 carbon atoms, cycloalkyis having from about 3 to about 20 
carbon atoms, aryls having from about 6 to about 20 carbon atoms and aralkyl having from about 7 to 
about 20 carbon atoms. 

29. A method as set forth in claim 28, wherein said tire component having reduced hysteresis is a 
20 subtread. 

30. A method as set forth in claim 30. comprising the further step of employing a tread component formed 
from an elastomeric composition having reduced hysteresis. 

25 31. A method as set forth in claim 28. wherein said tire component having reduced hysteresis is a black 
sidewall. 

32. A method as set forth in claim 31, comprising the further step of employing a tread component formed 
from an elastomeric composition having reduced hysteresis. 



75 



30 



33. A method as set forth in claim 28, wherein said tire component having reduced hysteresis is a body ply 

skim. 



34. A method as set forth in claim 33. comprising the further step of employing a tread component formed 
35 from an elastomeric composition having reduced hysteresis. 

35. A method as set forth in claim 28, wherein said tire component having reduced hysteresis is a bead 
filler. 

40 36. A method as set forth in claim 35, comprising the further step of employing a tread component formed 
from an elastomeric composition having reduced hysteresis. 

37. An improved pneumatic tire, as set forth in claim 25. wherein a plurality of said polymer molecules are 
endcapped with an endcapping agent. 

45 

38. A method as set forth in claim 37, wherein said endcapping agent is selected from the group consisting 
of tin tetrachloride, tributyl tin chloride and dibutyl tin dichloride. 

39. A method as set forth in claim 28. wherein a plurality of said polymer molecules are endcapped with an 
so endcapping agent. 

40. A method as set forth in claim 39. wherein said endcapping agent is selected from the group consisting 
of tin tetrachloride, tributyl tin chloride and dibutyl tin dichloride. 

55 41. A method as set forth in claim 40, wherein said tire component having reduced hysteresis is a 
subtread. 
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42. A method as set forth in claim 41. comprising the further step of employing a tread component formed 
from an elastomeric composition having reduced hysteresis. 

4a A method as set forth in claim 40, wherein said tire component having reduced hysteresis is a black 
sidewall. 

44. A method as set forth in claim 43, comprising the further step of employing a tread component formed 
from an elastomeric composition having reduced hysteresis. 

45. A method as set forth in claim 40, wherein said tire component having reduced hysteresis is a bodv olv 
skim. r ' 

46. A method as set forth in claim 45, comprising the further step of employing a tread component formed 
from an elastomeric composition having reduced hysteresis. 

47. A method as set forth in claim 40, wherein said tire component having reduced hysteresis is a bead 
filler. 

4a A method as set forth in claim 47, comprising the further step of employing a tread component formed 
from an elastomeric composition having reduced hysteresis. 
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